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PREDICTING HUNTER SUCCESS BY MEANS OF A
SPRING CALL COUNT OF GAMBEL QUAIL'

ROMALD M, SMITH. Argana Ga~e aad Fuh Department, Fhoenin
STEVE GALLIZIOLL, Argomg Gowe and Fuh Department, Phoenia

Alatract; A study of spring call counts of male Gamlel quail (Loplortgy gambelit) i wclation te
Tnnting sucvess hac peaealed o linear selationship wldeh Juas snade posible the aceurate peediction of
butter siweeess for the year of e connt, On three stidy areas 0 contral Atleona call conmts by April
and May were coteelated with hunter wnocess during the Hist 2 wecheruls of the guall season. A Boear
resttessfon equation was vsed as o predictos for each area. Farther analysis showed a signifleant ditfees
ence i omeat msting success on the three areas aftee adinsting to o similar eall Sndes, Fhese dilfeeences
were Lrgely acoomnted for by cover snd topogtaphy which nfluenced sicoess, A Rt dedize of the re.
Tativnshiip betwern dte Factors and succes of hunters made posadble the ise of o slughe predicting equas
tion for all three areas. “The averinge atnohite devktion of predicted siecess from actual suceess wis

only 12 pereent.

Duritgg the past 25 vears, census inethe
acds for a varicty of game hirds have been
developed by exploiting the Fact that the
males of many avian spedes give a chare
acteristic call during the breeding season.
Crowing pheasants (Phasianus colchlcus),
drumming rulfed grouse (Bonasa umbel-
{uy), hooming prairie chickens (Tympann.
chus cupide), and  whistling  bobwhite
quadl (Colinus clrginiantis) are among the
forms which have been censusd in this
manner (Hickey 1935:329). Such counts
are generally thought to refleet the spring
populition level of monogamous speeies
when the sex ratio is comstant from year
to year. In the case of polygamons species,
as the pheasant, o further knowledge of the
spring sex mtio is essential to an accurate
evaluation of population levels,

Since spring cudl counts generally are
ouly an imlication of the number of bieed-
ing birds, they woukl not appear to be in-
dieative of the eventual fall popudation
level beeause of annwval varintion in hatch.
ing success and survival of young, Only if
hatching suveess andd survival of young wiere
canstant wonld call counts be indicative of
the size of the fall population. Several in-

UThis study was conducted under Adzona Fed.
crul Ald Project W.THH. .

806 ' 7)

vestigalors hive tested the relationship of
vill counts Lo the population level of hob.
white quail.

Hennitt (19510 reported a0 positive cor-
relation hetween spring counts of whistling
bobwhite quail und suceess of hanters in
the fall. From this he developed o linear
vquation deseribing the regression of hant.
ing sueecess on the call-count index. Hunt-
ing suceess was predicted Jor cach of eight
regions in Missourd usng this common re.

. 1
gression formula and was then adjusted hy

mueans of a reglonal correction fndex, This
procedure presumably corrected lor heteros
geneity in means of reglons which re-
mained even after they were adjisted to
# common enll-count index,

Rosene (1937) compared summer counts
(1950-33) of whistling bobwhite quail
with fall and winter covey counts, This
work was dotie on 10 areas in Alalsauma
and South Caraling, There were 3 Years of
data on 6 study areas and 4 years of data
on 4 study areas. The results of all years
and locations were pooled to estimate the
regression covlficients and to formulate a
common predicting oquation for all areas
and years. Rosene coneluded thiat changes
in the call coumt wonld relinbly  show
changes in number of fall coveys on arcas
of a specified size,
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Norton et al, (1961 ), in n discussion atud
critical unnlysis of theie papers, langely fo-
validated the Tindings of both Bennitt and
Rosene, Beonitt (1951:24) Tound that his
avernge  departine of predicted hunting
seeess fram actual (average of cight re.
wions for 10 years) was 7.2 pereent. The
avermge depasture of the yearly statewide
werage seeess from the J0-vear average
was only 10 pereent. In other swords, the
the acenraey in predicting stadewide bt
sievess wins fmproved by only 3 pereent
by asing the cll-connt index as apposed
o asing merely the 10-vear averige as an
eatiniute of siectss,

[n examining Rosene's data, Norton et al,
(1961) found that o cegression approprinte
to estinmating coveys on an additional area
i a given year was ised o mahe predie.
tions in time, Actually, there was no signi-
et regressfon of coveys on the yearly
mean Gl count tor areas within states,

Fro e evidence presented in these
papers, it appears that counts of whistling
botwhile quail are inadequate for predict-
g cither Tnting suceess or guadl popmla-
tion levels where populations fluctuate as
litthe sas they do in the midwest and south.
cast.  In Arizona, however, sharp yearly
ditferences in minfall colnedde with rather
dramatic dumges in population levels of
Cambel quail (Swank and Callizioli 1034},
FFar this andd other reasons to be diseussed,
viall connts lave been found to offer a way
for predicting hunter suceess with e high
degree ol acenracey.

The aathass are grateful to O, C, Wallmo
and Roger Hungerford for a carefud review
of this mantsseript ancd to W, Scott Overton
for advice on the analysis of data,

METHODS

This stucy was conducted on three areas,
vach sampled by 20-mile ronte along an
aebitrardly sclected road. Counts of ealling

Gasin Quat » Smith and Gallizinli 507

e qquuil bave been made st Oracle (23
miles northeast of Fueson) and at Pimnele
Peak (25 miles nostheast of Phoenix )} sinee
1958, A third aren, about 8 miles cast ol
the town of Cave Creek, was added in
M)

The Cave Creek tonte s only about 25
mites from the Pimaele Peak route, These
routes are i deseet shealy type domi-
maled by saguare {Carnegica  gigantea)
and palo verdes (Cereldiezm sp.) with
but-sugte (Franserin dumose) understory,
Srasses, exeept for ephemeral annuals, are
saaree. Elevation along these two roules
varies from 1300 to 2,000 feet. The Oracle
Junction arca i whont 100 airline miles
south of the other two, at an elevation
varying Tron 3,000 1o 4,000 fect. Desert
shrubr and mesgquite grassland  types are
interspersed along the route,  Mesquite
(P'rosopis fuliflora), jumping chiolla (Opun-
tia fulgtda), and palo verde are dominant
at fower clevations, and catelaw (Acacla
gregefl), mimoss (Mimosa sp, ), and two
species of cholla cactus {Opuntin spp.) at
higher clevations.  Understory comsdsts of
w varicly of perennial grasses and burra-
weed (Aplopappis sp.), While the three
routes are not representidive of  habitat

types of Gumbel guail in Arizona, they are o

typical of quail arcas near the population
centers of Tueson und Phoenix which sup--
port the bulk of the state’s quail hunting.
Counts during the period 1938-02 were
miade at 2aveek ntervals from mid-March
through June, Having thus defined the
time limits within which the peak of call-
ing was likely to oceur, the counts in 1963
and 1964 were made at Laweck intervaly
from about April 13 to May 20. )
Because preliminary work by Gallizioli
(1936} indicated there was little or no
alling until approximately sunrise, cousits
began 15 minutes before offictal sunrise.
Traveling the route by automobiie, the sin-
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Table 1. Summary ol guaht eall cewnt® and hunt data fram theee study oreos In central Arzono, 1958-44.

Anka Catruomy 1u38

1650 1000 al 102 1003 1004
Oricle
Jrnetion Call count 0l a4 103 25 ] 62 41
Quadl per telp 341 2.7 .40 an7 0.00 481 ai
Percent young
in kil 5 M Ko 10 7o 02 40
October=Muarch
precipitation 13.4 4.2 0.7 44 0.5 J0.2 4.2
Pnaele
Peak Call count 83 10 1] an it o4 156
Quall per talp 3.53 137 a7 1.20 2,83 1.50 LG0
Percent youny
in kil al 17 70 25 73 53 45
October=Muarcl
precipitation TH 4.0 127 2.0 9.4 4.8 52
Cuve Creck
Call count - - ' 4 (i3] a6 a
Quall per trip - - p )} 0,04 253 182 138
Percent young
In kil - - ! 13 80 i1} oy
Qctober-March )
precipltation C - - 12.7 2.0 9.4 4.8 58

* The call-cvunt ilex ot & 1oute v the mean of the blghest count amd the counts preceding wed following the Iigh

smanl,

gle abserver stopped at Lmile intervals,
listened for 3 minutes, and recorded the
number of single-note ealls characteristic
of unpaired cocks (Gorsuch 1934), Lach
20-mile route required about 2 lours to
complete. The eall-count index used for a
route was the mean of the highest count
md the counts preceding and following
the high count, This was a somewhat ar-
bitrary indey. But, since there was no
replication of the call counts, this provided
a means of softening the effect of unusu-
ally high or low counts.

At each study area, information on sue-
cess of hunters has been obtained ot o
check station during the first 2 weckends
of the quail season, which has opened on
or about October 1 since 1958. Success
was based on the number of quail bagged
per man-day, where a man-day is une
hunter in the ficld for onv day, regardless
of time spent hunting, The success index

is the total number of quall tuken during
the: first 2 weekends divided by the num-
ber of hunters,

Just prior to the hunting season in 1964,
u classification of vegetative cover was
made on each route, This cover index wus

~ubtained by use of a cover density hoard

(de Vos and Mosby 1960:0). At l-mile in-
tervals, measured by automobile odometer,
ong man walked a distance of 20 yards nt
n right angle to the road and placed the
bonrd so as to be visible to un observer
in the driver's seat of the survey vehicle,
who read the amount of hoard covered.
The cover Index for the stop was an -
cumulation of the numbers on the hoard
which were visible subtracted from the
maximumn reading of 36. The board was
numbered from top to bottom from one to
elght. The board was 4 feet in length and
cach cover increment was @ fnches on the
board. By this method of reading, the
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greatest welght was given to low ground
cover. The cover index for the route was
the wverage of the 20 cover readingy,

A subjuctive classification of topography
also was made of cach area, This was
hased on e seale from 2ero to three, rep-
resenting relative steepness of terradn,

RESULTS

The pertinent data from cheek stations
and eall counts ure summarized {0 Table L.

The relationship between call-count datu
and quuil pee muneday presented fn the
above table s shown graphically in Fig. 1
The functional form of this relutionship is
assumed to e

Y=a+ i (X=X
where Y = quall per hunter trip
X = the observed cull count
X = moun eall count, all years

The estimating cquations for the three
ureus are

Oracle Junction: ¥ = 1.200 + (0.0335X (1)
Pinnacle Peak: Y = 0944 -+ 0.0304X (2)
Cave Creck: Y = 0.448 + 0.0315X (3).

There was n hgh linear correlation be-
tween eall counts and cquatl per hunter trip
on cach area. The coefficients of correla.
tion were 084 at Oraele, 0.93 at Pinnacle
Peak, and 099 at Cave Creck, All were
significantly different from zero at the 99
pereent level of confidence. This suggests
that hunter suceess on each of these arcas
might be predicted with a high degeee of
relinbility, It suggests that, were we will-

ing to colleet u similar amount of data on
hunting success and call counts on other
arcas, an equation appropriate to prtd{ct-
ing hunter suecess on cach new area could
be found and a similar leve! of reliability
uclniwcd This, of coursc, assumes, lhut the

“in Table 2. : e

There is a slgniflcnnt amoun_ -_o[ varla-, .
ton in the pammeter: ‘A between nrcus'-'".
(line 3 of Tnblu 2).5.'('his wnuld sugﬁ,t.st

prcdictimls.
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Fig. 1. Relotionihip betaean calling coc!. Gumbel guoil
ond hunlet suteas,

found on other urens, at least with respect
to the linearily of regression,

Obviously, the cost in time and man-
power wonld prohibit a similsr elfort in
each area on which we wished to make a
precdiction of probable suceess of hunters,
What is needed is o single cquation which
aitn be applicd anywhere in the state where
a call count ean be made, The approach
which we used was to find ausiliary vori-
wtes which would explain the remaining
varfution in hunting success on the thiree
study ureas which was not accounted for
by the estimated linear regresston of lunt
suceess on cull counts alone. These vari-
utes, of course, had to bhe hiolugicnllg mean-
ingful.

The analysis of covartunce tcchniquc
was used to evaluate further the param-
cters found in cquations (1), (2), and
(3) and to determine the validity of using
n predicting c..qmuion common to all three
areas, The covurinnce nnnlysls Is prcsunlcd

-:..». ,\,-,.,,'.‘- -

using: different” uren* pnmmueg,s} ogﬁusing iy
* i common b at theé cxpt.nse vggl;rrcllnblllt ;

'I‘u!thcnnon;:.}llu2 of,Ta
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foble 2. Coeatiarce onolyis of call indee ard avail per
hurter tnp,

Sovpr
o Vasivrn

1. Detween
bt b

a2 Deviation of area
weats ahaut thele
regression

3. Demeen Individoa
e Alopes

A Almut incdividual
Bt TCRIUSSfOn

3 About e nveall
regrenion line

. Due touvenall
regression line

7. Telad

Mras I

LI
Brogpeahk Valyr

LYTTERY I K]

10.6345 1 100515 T0.54

00035 1 00035 0024

L6013 2 ootoG 5332
1.05%1 13 0.1300
1420704 17

Lt
45,3315 18

Vot estimaterd sexresslon corfiiclent commen to Indie
vilual Uses (temparally B edlmated oegcenlon ctiis
cirit lor area preans (vpatlal),

reveals linear relation belween the area
means (quadl per trp), ‘The stope of this
segression i stgulflicantly  different (rom
the slope of a least-squares regression come
mon to the three nreas (Mine 1, Table 2),
This is sulficient proof of significant vario-
tion brtween area means In quad) per trip
even after adjmsting them to o common
call-count index. Table 1 shows that hunt
suceess ot Oracle will always be higher
than at the uther bwo areas even when eall
counts are sidlar. There apparently are
sile  characteristies which affect lnnting
suceess independently of the mumber of
birds available.

The uiadel in Fig. 2 may help to explain
some of the results found and also fllustrate
the [oflowing proposed hypothesis:  even
though in any area call counts are well cor-
relted with lhunt suecess, other factors
enuse differences in suceess between areas
independently of the number of calling
birds. Such fartors are virtual constants
whose influenee varies bt little from year
to vee and which, consequently, do not

Journal of Wikdhife Manogement, Vol 28, No, -4, October 1945

disturb the temporal relatiomhip hetween
call counts and bunter suceess, Topog-
raphy and ground cover are two such ele-
ments, There are probably other les cone
spicuous habitat features which also influ-
ence hunter sueeess on any individual area.

An attempt was made to determine the
relation of topography and ground cover
density to hunter. sueeess on the three

~“areas of this study and to develop a pre-

dicting equation common to all three areas,”
fn wrtler to predict gund! per trip in e,
the cegressan of vearly wean lunder suee
cess on the yearly mean eall-count index
wiis computed using the mean hanter suee
cess and mean eall counts for ull areas come-
bined. The predicting formaln was

Y = L1080 + 00374.IX, (4)
where Xy = quail call-connt index (averagie
for three study areas).

"Fhie procedure of computing o call-count
regression coclficient common to the-three
arcas is not withont sisk beeanse of the
signtficant difference fu the predicting pa.
ratnetess for the three areas (line 3, Table
2).

Next, an arbitrary topographical clossis
fiewtion was made of cuch ares, based on
the hypothests that an hicreuse in slope ad-
versely affvets bunting sueeess, In addi-
tion, on the assmmpltion that the amount
of low grosud cover favorably inflnences
hunting, suecess, a vover Index wis com-
puted aecording o the procedure ontlined.

Xz = topography where 0==NXa=23 .
Xy = ground cover where 0= Xy == 36,

P

wWirlee
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Fig. 2. Model of sugguied relationthip  belween 't

rounty oy Sambel quail and (ol aune quccenes.
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These are fuctors whieh presumably cause
hunting siceess on one area to differ from
another even though the call connts are the
sames Faueh area mean lunting suceess
was et ndjustecd oo common call fndex
(mean count, all arcus and years) of 47.0
using the individoul area regresstons (1),
{2), {3). ‘Then the regression of adjusted
arcn means on topography und  grownd
cover vielded the following equation:

¥ = 0091 037N, + 0.235X,  (5).

Combining the sputinl and temporal re-
gression coclfleients yielded the Tollowing
prediciion equation:
Y = 2,405 -+ 0.0374X,
037N F 0235X,  (6).
'l his predicting equation was tested by

comparing  predicted hunter success for
cach area in cach year with the actual sue-

- cess, The average absolute deviation from
"7 netun] hunting success was 12,24 percent.
The data for locational factors is based on
only three arens aud does not pernit an’
necnrate estimule of thele effect. The hunts

ing suceess predictor will be further tested
on several wdditional areas in widely sep-
arated regions of Arizona where we antict-

cbate obtaining  hunter-suceess and  call-
count daln,

Muny assumptions underlying the cffee
tive application of such a predicting equte
tion cannat be wholly justificd, The areas
of the study were not randomly chosen,
and, therefore, the parameters found cane
tiot be considered Lo be rupruwululi\'t. uf ]
region or even of the state as a whole.d
the correlations, which were arrived nl ..,

including spatinl factors, could be cnineds’

dental rather than causative. Nevertheless,
the results on these three areas are encour-
aging and would appear to justify any risk
in adopting the technique. The least that
can be said is that the call count is o far

" better indicator of fall populntions and

o Sufth and Galtisioll 81}

L[]
eventual linter suceess in Arlzona Ilmn
any lechnigue yet designed,

DISCUSSION

In developlng the prediction equition
for hunter suceess i was not necessary to
explain I terms of cane and effect the
relationships among the vacubles involved,
It was sufficlent to consider varfation
fowmd in the predicted variable (hunting
suceess), However, in the condoet of (his
study many facts have come to light which
conttibute to an understanding of causal
factors:

If the eall connt was mainly an index
tu the spring population level, it would
certuinly not be as gomd a predictor of hunt’
suceess us it has been in Arizonn, An in-
dex only of the size of the spring adult
population with no forcknowledge of hatch
or survival of young wonld he a poor hasis .
for o fall hoat snceess prediction, Brecding
suceess in Arizona varies markedly from

syear to year. This is evideneed hy the per
cent of fuventles in the fall bag, which has

varfed from {3 pereent in one year to 80
pereent the following year in the same area
(Tuble 1). Since there is- nonetheless a
poad corvelation between success of lunt.
ers and eall count it is olear that the call
cowit must e more than an index to the
population level of adults in the spring, It
must be chictly an index to reproductive
suceess, indicated by a highly significant
correlation (r=091) between call count
aned pricent of joveniles in the fall bag,
in addition, the percent of juveniles in the
fall bag explaius about 94 pereent of the
varfation in hunting suceess, the eall count
ubout 97 pereent. These values were ol
thned from the yearly averages of the
three arens” data. Thus, it appears that re.
productive success will largely determine
what the honting suceess will be, but the
call connt indexes it even more clasely be-
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Toble 3. Compatiion ol spring prediclions ol fall hunt swe-
cess and actvnd kill pee mandoy.

Quan, Baain

Sy " _bn Maxeiday l'l.llt:li.\‘!

ANEA Yean =1 st
dicind®  Actualt

Orncle Junction 1003 153 1,83 400

14 an am 173

Uintacte Peak W03 1085 L300 T30

o L3 LB add

Cave Creck mos  1.83 182 LT

el 134 133 0T

Average deviation 4.8

* In varly May from callecoant Jata.
t From clwsk station date, October.

. cause it tukes into account some other fae.
“tor, appurently the spring population Jevel.

~In Arizona, the population leve ) of Game
bel quail in the spring s not necessarily
synonymous with the number of breeding
birds. Whether an adult bird is also a
breeding bird depends on whether it s In
breeding condition. Beeeding condition, in
turn, depends on winter precipltation and
the resultant green feed high in vitamin A;
following u dry winter, sex organs fail 10
develop preperly aud quail remaln fu win-
ter coveys and may not even pair olf
( Hungerford 1904).

The ultimate effeet of winter precipita-
tion on breeding sueeesy §s seen in the high
positive Tinear correlation between the per-
cent of young in the hunters” bag and the
previons total of October through March
precipitation. Yor the pertod 193864, the
correlation coefficient was 0.91 at Oracle
and 085 at Phmacle Peak. For the period
1960-64, inclusive, the correlation coeffi-
cient at Cave Creek was 083 (Fig. 1).

In a year marked by abundant winter
precipitation, a high peecentage of the cock
population will be in breeding condition
and will be calling at the time the call
counts are made.  Although  supporting
data are lacking, cmpireal evidence sup-
ports the view thut a calling cock is one

a, No. A, Qetober 1965

i which gomadul recrudescence bus pro-
gressed to the point where be hecoms in-
terested i altraeting a mate, Following
a dry winter, s small pereentage of the
cocks will be calling, Since the number
of birls In breeding condition will be the
prime determining factor of the number of
young which will he procluced, it follows
that connts of calling cocks will be related
to production al youny, to the sthsequent
fall population, and, therdore, to hunter
SULLUSS,

Inn s effort o test the merdts of the teche
nique us o practical game smagenent
tol, predictons of huntee suvcess were
made in the springs of 1963 and of 161,
based on the previous yeas® corelation ol
call counts and hunt suecess wid 1he enrs
ot yeur’s ealleount dudex, Predicted
average Kills per man-day for the Tint 2
weekends of the season were ugreeably
close to the netual kills per man-day as
subsequently determined (rom cheek stas
tion data (‘Table 3). The predicting equu.
tion (cquition () gave an average duvin.
tion of 12.2 pereent from the actual hant-
Ing suceess, However, whoen tested in 1903
antd 1981 by predicting before the hunting
season, mean deviation was only 8.8 per-
cent from netond suceess,
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